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ARRAY SENSOR (TIME Time, MEASURED VALUE double)[N]
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N BATCH PROCESSING FUNCTION DEFINITION EXAMPLE

FOR value : devialues
outputs ADD{valud);

RETURN outputs;
f

FUNCTION PREPRQCESSING (SENSCR inputs ){
smoothValues = SMOQTHING{ inputs,3); // SMOOTHING
devValues = DERIVATION{ smoothValues,0.5); // DERIVATION
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DATA PROCESSING APPARATUS AND DATA
PROCESSING METHOD

BACKGROUND OF THE INVENTION

This 1nvention relates to a data processing apparatus and
a data processing method for processing data.

In time-series data monitoring processing, for time-series
data such as a sensor and a log, rules are defined 1 a
program 1n advance, and processing such as filtering, sum-
ming, abnormality detection, and future estimation for the
time-series data 1s carried out in accordance with the rules.
Examples of the time-series data monitoring processing
include the momitoring of plants 1n a factory and the moni-
toring of servers. The monitoring processing for the factory
plant acquires values of sensors for temperature, voltage,
and the like mounted to a machine, extracts an abnormal
point based on a change 1n a time series of the value of the
sensor over several hours to one day. On the other hand, the
monitoring processing for the server acquires usage amounts
of a central processing unit (CPU) and a hard disk or a
packet amount of a network from a log of the server, and
monitors changes in time series thereof over several seconds
to several hours, to thereby detect an abnormality. Examples
ol execution methods of programs for the time-series data
monitoring processing include batch processing and stream
processing.

A program that carries out the batch processing (herein-
alter referred to as “batch program”) collects and inputs time
series data accumulated 1n a file or a database as vector data,
and collects and outputs a processing result as vector data.
As middleware for supporting the execution of the batch
program, there 1s exemplified a batch processing platform
disclosed 1n Japanese Patent Application Laid-open No.
2011-221°799. The batch processing platiorm 1s middleware
of carrying out, for example, scheduling, start, and stop of
the batch program. The batch processing 1s used for a case
such as the monitoring for the factory plant, which has low
in a requirement for a response time, but high 1n require-
ments for a processing throughput and a low cost.

On the other hand, a program of carrying out the stream
processing (heremaiter referred to as “stream program™)
sequentially processes stream data delivered every moment,
and also sequentially outputs processing results thereof as
stream data. As middleware for supporting the execution of

the stream program, there 1s exemplified a stream processing,
platform disclosed 1n a technical document (L. Girod, Y.
Mei, S. Rost, A. Thiagarajan, H. Balakrishnan, S. Madden,
“XStream: a Signal-Oriented Data Stream Management
System”, International Conference on Data Engineering
(ICDE), April 2008). The stream processing platform 1s
middleware of carrying out, for example, scheduling, start,
and stop of the stream program. The stream processing 1s
used for a case such as the monitoring of the server, which
has high requirement for the response time but low require-
ment for the processing throughput and the cost.

As the range of the cases subject to the time-series data
monitoring processing expands, development of a program
tailored to each case becomes diflicult, and existing stream
programs and batch programs need to be reused for various
cases. However, the requirements such as the response time
and the processing throughput differ from case to case such
as the monitoring of the factory plant and the server. Thus,
in order to reduce the response time, execution of an existing
batch program on a stream processing platform 1s required,
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and 1n order to increase the processing throughput, execu-
tion of an existing stream program on a batch processing

platform 1s required.

The batch processing platform disclosed i JP 2011-
221799 A supports a stream program to operate on a batch
plattorm. For that purpose, the batch processing platform
disclosed 1 JP 2011-221799 A specifies a time range of
input data for accumulated data thereon and converts the
data in the range into stream data to be executed by the
stream program. On the other hand, the stream processing
platform disclosed 1n the technical document, which sup-
ports the batch program to operate thereon, executes a batch
program which collects a plurality of pieces of stream data
into a data block referred to as SigSegs and inputs/outputs
the data block for the batch program.

However, when the batch program i1s executed on the
stream processing platform according to the technical docu-
ment, such a configuration that a plurality of data blocks
include the same stream data, that 1s, an overlap 1s provided
between the pieces of data input to the batch program, 1s not
considered. The stream processing platform according to the
technical document fails to execute a batch program which
holds a certain number of pieces of time-series data in a
window and slides the window for processing.

Moreover, the batch processing platform according to JP
2011-221°799 A does not consider an overlap between pieces
of stream data. The batch processing platform according to
JP 2011-221799 A fails to execute a stream program to slide
a window thereon.

In this way, there 1s a problem in that, for the batch
processing and the stream processing, when the processing
platform and the program executed on the processing plat-
form are different from each other 1n the processing content,
pieces of the time-series data fail to overlap therebetween.

SUMMARY OF THE INVENTION

This mmvention has been made 1 view of the above-
mentioned problems, and therefore has an object to execute
a program for one of batch processing and stream processing
on a processing platform for the other processing in a
manner that pieces of time-series data overlap, without
changing a code or an algorithm of the program for the one
processing executed on the processing platiorm for the other
processing.

First aspect of the invention disclosed 1n this application
1s a data processing apparatus, comprising: a processor; and
a memory for storing a stream program for carrying out
stream processing, a batch program for carrying out batch
processing, and a stream processing control program for
controlling the stream program, the processor being config-
ured to carry out: a first generation procedure of generating,
by the stream processing control program, for a time-series
first stream data group of stream data out of a time-series
stream data sequence, first vector data including elements
acquired by collecting respective pieces of stream data of the
time-series first stream data group; a second generation
procedure ol generating, by the stream processing control
program, for a time-series second stream data group 1nclud-
ing, as a head, a piece of intermediate stream data of the
time-series first stream data group in the time-series stream
data sequence and having the same number of pieces of data
as the time-series first stream data group, second vector data
including elements acquired by collecting respective pieces
of stream data of the time-series second stream data group:;
and a control procedure of inputting, by the stream process-
ing control program, the first vector data and the second
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vector data generated respectively by the first generation
procedure and the second generation procedure to the batch
program to control the batch program to carry out the batch
processing.

Second aspect of the invention disclosed in this applica-
tion 1s a data processing apparatus, comprising: a processor;
and a memory for storing a batch program for carrying out
batch processing, a stream program for carrying out stream
processing, and a batch processing control program for
controlling the batch program, the processor being config-
ured to carry out: a first generation procedure ol generating,
by the batch processing control program, from vector data
including an element sequence of values at respective times,
a {irst stream data group, which 1s a time series acquired by
dividing respective elements of a first element group 1n the
clement sequence; a second generation procedure of gener-
ating, by the batch processing control program, for a time-
series second element group including, as a head, an inter-
mediate element of the first element group in the element
sequence and having the same number of elements as the
first element group, a second stream data group, which 1s a
time series acquired by dividing the respective elements of
the second element group; a control procedure of mputting,
by the batch processing control program, the first stream
data group and the second stream data group generated
respectively by the first generation procedure and the second
generation procedure to the stream program to control the
stream program to carry out the stream processing; and a
conversion procedure of acquiring, by the batch processing
control program, pieces of stream data of a third stream data
group, which 1s an execution result of the input of the first
stream data group to the stream program and the execution
of the stream processing by the control procedure, acquiring
a fourth stream data group, which 1s an execution result of
the mput of the second stream data group to the stream
program and the execution of the stream processing by the
control procedure, and converting a stream data group
acquired by removing stream data of the fourth stream data
group overlapping the stream data of the third stream data
group irom the fourth stream data group into second vector
data.

According to representative embodiments of this mven-
tion, a program for one of the batch processing and the
stream processing may be executed on a processing platiorm
for the other processing in a manner that pieces of time-
series data overlap, without changing a code or an algorithm
of the program for the one processing executed on the
processing platform for the other processing. Other objects,
configurations, and effects than those described above are
clarified by the following description of an embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an explanatory diagram for illustrating an
example 1n which a batch program 1s executed on a stream
processing platiorm.

FIG. 2 1s an explanatory diagram for illustrating an
example 1n which a batch program 1s executed on a stream
processing platform.

FIG. 3 1s a system configuration diagram for illustrating
an example ol a stream processing system.

FIG. 4 1s an explanatory diagram {for illustrating an
example of the stream program included in the stream
program group 331 illustrated in FIG. 3.

FIG. § 1s an explanatory diagram {for illustrating an
example of the stream data.
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FIG. 6 1s an explanatory diagram for illustrating an
example of the batch program included in the batch program
group illustrated in FIG. 3.

FIG. 7 1s an explanatory diagram for illustrating an
example of the vector data.

FIG. 8 1s an explanatory diagram for illustrating an
input/output relationship of the batch program input/output
setting static determination module 332 1llustrated 1n FI1G. 3.

FIG. 9 1s an explanatory diagram for illustrating an
example of the program configuration 801 illustrated 1n FIG.
8.

FIG. 10 1s an explanatory diagram {for illustrating an
example of the platiform requirement 802 illustrated 1in FIG.
8.

FIG. 11 1s an explanatory diagram for illustrating an
example of the batch execution specification illustrated 1n
FIG. 8.

FIG. 12 1s an explanatory diagram {for illustrating an
input/output relationship of the batch program input/output
setting dynamic determination module 1llustrated in FIG. 3.

FIG. 13 1s an explanatory diagram {for illustrating an
example of the batch execution monitoring value.

FIG. 14 1s an explanatory diagram {for illustrating an
example of the batch program imput/output setting 805
illustrated in FIG. 8 and FIG. 12.

FIG. 15 1s an explanatory diagram for illustrating an
input/output relationship of the batch program execution
module illustrated in FIG. 3.

FIG. 16 1s an explanatory diagram for illustrating an
example of the overlapping data storage area 1500.

FIG. 17 1s a flowchart for illustrating a processing pro-
cedure example by the batch program input/output setting
static determination module.

FIG. 18 1s a flowchart for illustrating a processing pro-
cedure example by the batch execution monitoring module.

FIG. 19 1s a flowchart for illustrating a processing pro-
cedure example by the first dynamic determination module.

FIG. 20 1s a flowchart for illustrating a processing pro-
cedure by the input data/stream to vector conversion mod-
ule.

FIG. 21 1s an explanatory diagram {for illustrating a
conversion example from stream data to vector data.

FIG. 22 1s a flowchart for illustrating a processing pro-
cedure example by the output data/vector to stream conver-
sion module.

FIG. 23 1s an explanatory diagram for illustrating a
conversion example from vector data into stream data.

FIG. 24 1s an explanatory diagrams for illustrating an
example 1n which a stream program 1s executed on the batch
processing platform.

FIG. 25 1s an explanatory diagrams for illustrating an
example 1n which a stream program 1s executed on the batch
processing platform.

FIG. 26 1s a system configuration diagram for illustrating,
an example of a batch processing system.

FIG. 27 1s an explanatory diagram for illustrating an
input/output relationship of the stream program input/output
setting static determination module 2632 illustrated 1n FIG.
26.

FIG. 28 1s an explanatory diagram for illustrating an
example of the stream execution specification 2701.

FIG. 29 1s an explanatory diagram {for illustrating an
input/output relationship of the stream program input/output
setting dynamic determination module 2633 illustrated 1n
FIG. 26.

FIG. 30 1s an explanatory diagram {for illustrating an
example of the stream execution monitoring value.
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FIG. 31 1s an explanatory diagram for illustrating an
example of the stream program input/output setting 1llus-
trated 1n FIG. 27 and FIG. 29.

FIG. 32 1s an explanatory diagram for illustrating an
input/output relationship of the stream program execution
module illustrated in FIG. 26.

FIG. 33 1s an explanatory diagram for illustrating an
example of the overlapping data time illustrated 1n FIG. 32.

FIG. 34 1s an explanatory diagram for illustrating an
example ol an operator tree.

FIG. 35 1s an explanatory diagram for illustrating an
example of the calculation state storage area illustrated in
FIG. 32.

FIG. 36 1s a flowchart for illustrating a processing pro-
cedure example by the second static determination module.

FIG. 37 1s a tflowchart for illustrating a processing pro-
cedure example by the stream execution monitoring module.

FIG. 38 1s a flowchart for illustrating a processing pro-
cedure example by the second dynamic determination mod-
ule.

FIG. 39 1s a flowchart for illustrating a processing pro-
cedure example by the input data/vector to stream conver-
sion module illustrated 1n FIG. 32.

FIG. 40 1s an explanatory diagram for illustrating a
conversion example from vector data into stream data.

FIG. 41 1s a flowchart for illustrating a processing pro-
cedure example by the output data/stream to vector conver-
sion module illustrated 1n FIG. 32.

FIG. 42 1s an explanatory diagram for illustrating a
conversion example from stream data into vector data.

FIG. 43 1s a flowchart for illustrating a processing pro-
cedure by the calculation state reading module 1llustrated 1n
FIG. 32.

FIG. 44 1s a flowchart for illustrating a processing pro-

cedure by the calculation state holding module 1llustrated 1n
FIG. 32.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1l

According to this invention, a program for one of batch
processing and stream processing 1s executed on a process-
ing platform for the other 1n a manner that pieces of
time-series data overlap therebetween, to thereby execute
the other processing. As a result, without changing a code or
an algorithm of the program for one of the batch processing
and the stream processing executed on the processing plat-
torm for the other, the program for the one processing can
be executed on the processing platform for the other pro-
cessing.

Thus, an existing program can be used on a processing
plattorm different in the type of processing, and can be
executed easily and efliciently. A description 1s now inde-
pendently given of an example (first embodiment) 1n which
a batch program 1s executed on a stream processing plat-
form, and an example (second embodiment) in which a
stream program 1s executed on a batch processing platform.

It should be noted that “program™ or “processing plat-
form” 1s sometimes used as a subject 1n the description
herein, but “program” or “processing platform”™ 1s executed
by a processor to carry out defined processing by using a
memory and a communication port (communication control
device), and hence the description may be provided with the
“processor’ used as the subject. Moreover, processing dis-
closed with the “program™ used as the subject may be

10

15

20

25

30

35

40

45

50

55

60

65

6

considered as processing carried out by a computer. More-
over, part or entirety of the program may be implemented by
dedicated hardware.

(First Embodiment)

FIG. 1 and FIG. 2 are explanatory diagrams for 1llustrat-
ing examples in which a batch program 1s executed on a
stream processing platform. FIG. 1 1s a diagram for 1llus-
trating an execution example of a case in which an overlap
1s not provided between pieces of data. The batch program
1s configured to have a window width corresponding to four
pieces of data and a slide data count corresponding to two
pieces ol data, which 1s the number of pieces of data to be
slid. It should be noted that the unit of time 1s, for example,
“second”. The stream processing platform carries out pre-
determined calculation while sliding the window width
corresponding to the four pieces of stream data by the
amount of the two pieces of stream data at a time.

At a time 1:03, the stream processing platform uses a
stream to vector conversion 100 to convert a stream data
sequence 101 from a time 1:00 to the time 1:03 1nto vector
data 102, which 1s a data block. As a result, the stream
processing platform provides the vector data 102 to a batch
program BP, and the batch program BP uses the vector data
102 to carry out calculation. It should be noted that the slide
data count 1s 2, and a next subject stream data sequence 1s
thus a stream data sequence 103 at a time 1:03.

The stream data sequence 103 at the time 1:05 includes
stream data at a time 1:02 and a time 1:03, and thus overlaps
the stream data sequence 101. The stream processing plat-
form does not provide an overlap between pieces of data,
and hence cannot use the stream to vector conversion 100 to
convert the stream data sequence 103 into vector data 104.
Thus, the stream processing platform cannot provide the
vector data 104 to the batch program BP, and the batch
program BP cannot use the vector data 104 to carry out
calculation. It should be noted that the slide data count 1s 2,
and a next subject stream data sequence 1s thus a stream data
sequence 105 at a time 1:07.

The stream data sequence 1035 at the time 1:07 does not
overlap the stream data 1n the stream data sequence 101. The
stream processing platform does not provide an overlap
between pieces ol vector data after the conversion, and
hence, when the stream data sequence 105 1s provided, the
stream processing platform uses the stream to vector con-
version 100 to convert the provided stream data sequence
105 into vector data 106. As a result, the stream processing
platform provides the vector data 106 to the batch program
BP, and the batch program BP uses the vector data 106 to
carry out calculation.

FIG. 2 1s an 1llustration of an execution example of a case
in which an overlap 1s provided between pieces of data. The
program configuration of the batch program is the same as
that of FIG. 1. Moreover, 1n FIG. 2, a response, which 1s a
plattorm requirement, 1s 16 seconds. The response 1s a
period from an mput of stream data to a completion of the
processing.

The stream processing platform determines an 1mput data
s1ize and an overlapping width based on the program con-
figuration and the platform requirement. The input data size
1s the number of pieces of stream data included 1n converted
vector data. On this occasion, the mput data size 1s 8.
Moreover, the overlapping width 1s 2, which 1s the same as
FIG. 1.

First, at a time 1:03, the stream processing platform uses
the stream to vector conversion 100 to convert a stream data
sequence 201 from a time 0:56 to the time 1:03 1nto vector
data 202, which 1s a data block. As a result, the stream



US 9,921,869 B2

7

processing platform provides the vector data 202 to a batch
program BP, and the batch program BP uses the vector data
202 to carry out calculation. It should be noted that the slide
data count 1s 2, and a next subject stream data sequence 1s
thus a stream data sequence 203 at a time 1:05.

The stream data sequence 203 at the time 1:05 includes
stream data at a time 0:58 to the time 1:03, and thus the
overlapping width with the stream data sequence 201 1s 6.
This exceeds the set overlapping width of 2, and hence at the
time 1:03, the stream processing platiorm does not use the
stream to vector conversion 100 to convert the stream data
sequence 203 into vector data. It should be noted that the
slide data count 1s 2, and a next subject stream data sequence
1s thus a stream data sequence 205 at a time 1:07.

Also at the time 1:07, as at the time 1:05, the stream data
sequence 203 at the time 1:07 includes stream data at a time
1:00 to the time 1:03, and thus the overlapping width with
the stream data sequence 201 1s 4. This exceeds the set
overlapping width of 2, and hence also at the time 1:07, the
stream processing platform does not use the stream to vector
conversion 100 to convert the stream data sequence 205 into
vector data. It should be noted that the slide data count 1s 2,
and a next subject stream data sequence 1s a stream data
sequence 207 at a time 1:09.

The stream data sequence 207 at the time 1:09 includes
stream data at a time 1:02 and the time 1:03, and thus the
overlapping width with the stream data sequence 201 1s 2.
This matches the set overlapping width of 2, and hence at the
time 1:09, the stream processing platiorm uses the stream to
vector conversion 100 to convert the stream data sequence
207 1nto vector data 208. As a result, the stream processing
platform provides the vector data 208 to the batch program
BP, and the batch program BP uses the vector data 208 to
carry out calculation.

In this way, mn the example of FIG. 2, overlapping
between the pieces of vector data 202 and 208 avoids the
state 1n which the calculation cannot be carried out as for the
vector data 104 of FIG. 1 and maintains semantics of the
batch program. Moreover, the data size of the vector data 1s
determined so that only pieces of data corresponding to the
set overlapping width overlap. In the example of FIG. 2,
vector data 1s not generated at the time 1:05 and the time
1:07. This 1s because even 1f vector data 1s not generated at
those times, the pieces of vector data 202 and 208 can cover
the data to be calculated. This suppresses the generation of
vector data exceeding the overlapping width and reduces a
processing load.

<System Configuration Example>

FIG. 3 1s a system configuration diagram for illustrating
an example of a stream processing system 300. The stream
processing system 300 has such a configuration that a client
301, a data source 302, and a stream processing server 303
are communicably coupled to one another over a network.
The network 304 may be, for example, the Ethernet (trade-
mark), a local area network (LAN) coupled via an optical
fiber, or a wide area network (WAN) including the Internet
lower 1n the speed than the LAN. Moreover, the client 301,
the data source 302, and the stream processing server 303
may be arbitrary computers such as personal computers
(PCs) and blade computer systems.

The client 301 1s a computer for carrying out registration
processing for the stream processing server 303. The regis-
tration processing 1s described in detail later.

The data source 302 is a supply source for supplying a
series ol time-series data to be processed to the stream
processing server 303, and examples of the data source 302
include the above-mentioned factory plant and server. In the
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case of the factory plant, for example, values of sensors for
temperature and voltage mounted to a machine constitute the
time-series data. Moreover, 1n the case of the server, usage
amounts ol a CPU and a hard disk acquired from a log of the
server, and a packet amount of the network 304 constitute
the time-series data.

The stream processing server 303 1s a computer 1n which
a CPU 311, a memory 312, an I/O interface 313, and a
storage 314 are coupled to one another via a bus 3135. The
stream processing server 303 makes access to the network
304 via the IO interface 313. Moreover, the stream pro-
cessing server 303 can store a processing result, an inter-
mediate result of processing, and setting data required for a
system operation 1n the nonvolatile storage 314. The storage
314 1s directly coupled via the I/O interface 313, but may be
coupled via the I/O mtertace 313 and the network 304
outside the stream processing server 303.

A stream processing platform 321 i1s mapped to the
memory 312. The stream processing platform 321 1s middle-
ware to which modules for general stream processing are
mapped. The modules for general stream processing are at
least one stream program such as a start/stop module and a
scheduling module 1n a stream program group 331. More-
over, the following modules are mapped to the stream
processing platform 321. Specifically, the modules include a
batch program mput/output setting static determination
module 332, a batch program input/output setting dynamic
determination module 333, and a batch program execution
module 335 including a batch program group 334, which 1s
at least one batch program.

<dStream Program>

FIG. 4 1s an explanatory diagram for illustrating an
example of the stream program included in the stream
program group 331 illustrated 1n FIG. 3. A stream program
400 15 a program of mputting/outputting stream data. In FIG.
4, a stream program 400 defined in the continuous query
language (CQL) 1s 1llustrated. The stream program 400
includes an input stream definition, an output stream defi-
nition, and a query definition group.

As the mput stream definition, a sensor stream 401
including “time” and “measured value” as columns 1is
defined. Moreover, as the output stream definition, an abnor-
mal sensor stream 402 including “time” and “measured
value” as columns 1s defined.

The query definition group includes a query definition 1
and a query definition 2. As the query definition 1, a noise
removal query 403 1s defined, and as a query definition 2, an
abnormal sensor query 404 1s defined. The noise removal
query 403 1s a query for mputting the stream data from the
sensor stream 401, and calculating an average of four recent
measured values.

The abnormal sensor query 404 1s a query for outputting,
when the average calculated by the noise removal query 403
1s more than o, the stream data of the sensor stream 401 to
the abnormal sensor stream 402. It should be noted that FIG.
4 1s an explanatory diagram for 1llustrating an example of the
stream program 400, and the stream program 400 may be
defined 1n, istead of the CQL, the C language, the Java
language, or another arbitrary programming language.

FIG. § 1s an explanatory diagram for illustrating an
example of the stream data. Pieces of stream data 500 to 513
include times, and are stored in a stream storage queue QQ 1n
a time sequence. In FIG. 5, as shown in the legend, the
pieces ol stream data 500 to 513 each including a time and
a measured value as columns are illustrated. In the stream
storage queue Q, the stream data 500 including a time *“1:00”
and a measured value “10.0” 1s stored at the head, and
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subsequently the stream data 301 including a time “1:01”
and a measured value “15.0” and the stream data 502
including a time “1:02” and a measured value “14.0” are
stored. Then, the stream data 513 including a time “1:13”
and a measured value “12.0” 1s stored at the end of the 5
stream storage queue Q.

<Batch Program>

FIG. 6 1s an explanatory diagram {for illustrating an
example of the batch program included in the batch program
group 334 illustrated in FIG. 3. A batch program 600 1s a 10
program of inputting/outputting vector data. In FIG. 6, the
batch program 600 includes a definition of vector data and
a batch processing function.

As the vector data definition, a sensor array 601 including
“time” and “measured value” as columns 1s defined. More- 15
over, as the batch processing function definition, a prepro-
cessing function 602 1s defined. The preprocessing function
602 inputs the sensor array 601, and uses a function
SMOOTHING to acquire a weighted average of three recent
measured values, to thereby smooth the measured values. 20

Then, the preprocessing function 602 uses a function
DERIVATION to calculate a derivative from a current value
and a previous value of the smoothed value. It should be
noted that the function DERIVATION samples the elements
of the vector data to reduce the number of elements by 50%. 25
For example, when eight elements at times 1:01, 1:02, 1:03,
1:04, 1:05, 1:06, 1:07, and 1:08 are input to the function
DERIVATION, the function DERIVATION reduces the
eight elements by 50%. As a result, the four elements at the
times 1:01, 1:03, 1:03, and 1:07 are output. The preprocess- 30
ing function 602 outputs the derivative calculated by the
tfunction DERIVATION to the sensor array 601, and finishes
the processing.

It should be noted that FIG. 6 1s an explanatory diagram
tor illustrating an example of the batch program 600, and the 35
batch program 600 may be defined 1n the R language, the C
language, the Java language, or another arbitrary program-
ming language.

FIG. 7 1s an explanatory diagram {for illustrating an
example of the vector data. The vector data VD 1s a set 40
including a plurality of elements. The vector data VD
illustrated 1 FIG. 7 1s realized as an array, and each of
clements of the array includes the value of the time and the
measured value. As the elements of the array, the vector data
VD 1includes, at an index 0, an element 700 1including a time 45
“0:58” and a measured value “11.0”, at an index 1, an
clement 701 including a time “0:359” and a measured value
“14.0”, at an index 2, an element 702 including a time “1:00”
and a measured value “10.0”, and, finally, at an index 7, an
clement 707 including a time “1:05” and a measured value 50
“12.0”. It should be noted that a method of realizing the
vector data VD may be a data structure such as the list
instead of the array.

<Batch Program Input/Output Setting Static Determina-
tion Module 332> 55

FIG. 8 1s an explanatory diagram for illustrating an
input/output relationship of the batch program input/output
setting static determination module 332 illustrated in FIG. 3.
The batch program input/output setting static determination
module 332 1s a program executed by the CPU 311 on the 60
stream processing platform 321, and determines a static
input/output setting of the batch program 600. The batch
program 1nput/output setting static determination module
332 includes a first static determination module 804.

The first static determination module 804 receives regis- 65
tration information such as a program configuration 801, a
platform requirement 802, and a batch execution specifica-

10

tion 803 from the client 301. Then, the first static determi-
nation module 804 determines a static mput data size and
overlapping width of the batch program 600. The deter-
mined input data size and overlapping width are output as a
batch program input/output setting. The mput data size and
the overlapping width are described later.

<Program Configuration 801>

FIG. 9 1s an explanatory diagram for illustrating an
example of the program configuration 801 illustrated 1n FIG.
8. The program configuration 801 1s mnformation 1 which
parameters configuring an operation ol a program are set.
Examples of the parameters include a window width 901
and a slide data count 902, and the parameters are specified
by a user operating the client 301.

The window width 901 represents a width of a window
including time-series data required by the processing by the
stream program 400 and the batch program 600. In other
words, the width of the window 1s the number of pieces of
time-series data included in the window. The slide data
count 902 1s a size of sliding the window for each process-
ing. For example, for the stream program 400 illustrated 1n
FIG. 4, the noise removal query 403 continues the calcula-
tion of the average of the four recent measured values by
shifting one piece of data at a time, and hence the window
width 901 1s 4, and the slide data count 902 1s 1.

Moreover, the batch program 600 illustrated in FIG. 5
uses the function SMOOTHING to acquire the weighted
average of three recent measured values and uses the func-
tion DERIVATION to calculate the dernivative from the
current value and the previous value. Thus, 1n the prepro-
cessing function 602 including the functions SMOOTHING
and DERIVATION, the total window width 901 1s 4. More-
over, 1n the function DERIVATION, the elements of the
vector data VD are sampled for the reduction of the number
of the elements by 50%, and the slide data count 902 1s thus
2.

<Platform Requirement 802>

FIG. 10 1s an explanatory diagram {for illustrating an
example of the platform requirement 802 illustrated in FIG.
8. The platform requirement 802 1s a condition 1mposed on
the stream processing platform 321. An example of the
parameter includes a response time 1001, and the parameter
1s specified by the user operating the client 301. The
response time 1001 1s a period which extends from an input
of the data to the stream processing server 303 until the
processing completion of the data, and which the user can
permit. In FIG. 10, the response time 1001 1s specified as “16
seconds”, and a period up to 16 seconds 1s permitted for the
period from the input of data until the processing completion
of the data.

<Batch Execution Specification 803>

FIG. 11 1s an explanatory diagram for illustrating an
example of the batch execution specification 803 1llustrated
in FIG. 8. The batch execution specification 803 1s infor-
mation defining an execution method of the batch process-
ing. Examples of the parameters include an input rate 1101
and a processing throughput 1102, and the parameters are
specified by the user operating the client 301. The mput rate
1101 represents an interval of an arrival of the stream data
input to the batch program 600. In FIG. 11, the mnput rate
1101 1s 1/second, which represents that one piece of stream
data arrives per second. Moreover, the processing through-
put 1102 1s the number of elements of the vector data VD
processed by the batch program 600 per umt time. In FIG.
11, the processing throughput 1102 1s 1/second, which
represents that the batch program 600 can process one
clement per second.
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<Batch Program Input/Output Setting Dynamic Determi-
nation Module>

FIG. 12 1s an explanatory diagram for illustrating an
input/output relationship of the batch program input/output
setting dynamic determination module 333 illustrated 1n
FIG. 3. The batch program input/output setting dynamic
determination module 333 1s a program executed by the
CPU 311 on the stream processing platform 321, and deter-
mines a dynamic mput/output setting of the batch program
600. The batch program input/output setting dynamic deter-
mination module 333 includes a batch execution monitoring,
module 1201 and a first dynamic determination module
1203.

The batch execution monitoring module 1201 monitors
the running batch program 600, and generates a batch
execution monitoring value 1202. The batch execution
monitoring value 1202 1s an observed value in the runming
batch program 600. The batch execution monitoring value
1202 1s described later.

The first dynamic determination module 1203 receives the
program configuration 801 illustrated in FIG. 9 and the
plattorm requirement 802 illustrated 1n FIG. 10 from the
client 301, and the batch execution monitoring value 1202.
Then, the first dynamic determination module 1203 deter-
mines a dynamic mput data size and overlapping width of
the batch program 600. The determined mput data size and
overlapping width are output as a batch program mput/
output setting 805. The input data size and the overlapping
width are described later.

<Batch Execution Monitoring Value 1202

FIG. 13 1s an explanatory diagram for illustrating an
example of the batch execution monitoring value 1202. The
batch execution monitoring value 1202 includes, as param-
eters, the number of pieces of data to be processed 1301 and
a processing throughput 1302, and 1s output by the batch
execution monitoring module 1201. The number of pieces of
data to be processed 1301 i1s the number of pieces of stream
data mput to the batch program 600 and stored in the stream
storage queue Q. In FIG. 13, the number of pieces of data to
be processed 1301 1s “6”, which represents that six pieces of
the stream data exist in the stream storage queue Q. More-
over, the processing throughput 1302 1s a size of values of
the vector data VD processed by the batch program 600 per
unit time.

<Batch Program Input/Output Setting 805>

FIG. 14 1s an explanatory diagram for illustrating an
example ol the batch program input/output setting 803
illustrated in FIG. 8 and FIG. 12. The batch program
input/output setting 805 1s mnformation defining data to be
mput and output to and from the batch program 600.
Examples of the parameters include an input data size 1401
and an overlapping width 1402, and the parameters are
specified by the user operating the client 301. The 1input data
s1ze 1401 1s the number of elements of the vector data VD
input to the batch program 600.

For example, 1n the case of the vector data VD 1llustrated
in FIG. 7, the elements 700 to 707 indicated by the indices
0 to 7 exist, and the number of the elements of the vector
data VD 1s 8. Moreover, the overlapping width 1402 i1s the
number of overlapping elements between the current vector
data VD and the previous vector data VD mnput to the batch
program 600. For example, when the vector data VD 1llus-
trated 1n FIG. 7 1s input to the batch program 600, and the
clement 701 indicated by the index 0 and the element 702
indicated by the index 1 are included in the previous vector
data VD 1nput to the batch program 600, the overlapping
width 1402 1s 2.
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<Batch Program Execution Module 335>

FIG. 15 1s an explanatory diagram for illustrating an
input/output relationship of the batch program execution
module 335 illustrated 1n FIG. 3. The batch program execu-
tion module 3335 includes an mput data/stream to vector
conversion module 1501 and an output data/vector to stream
conversion module 1502. The mput data/stream to vector
conversion module 1501 inputs the batch program input/
output setting 805. The batch program input/output setting
805 may be generated by the first static determination
module 804 or the first dynamic determination module 1203,
or may be manually created by the user.

Then, the input data/stream to vector conversion module
1501 inputs a plurality of stream data sequences SD1 and
SD2 from the stream storage queue Q and an overlapping
data storage area 1500, and based on the batch program
iput/output setting 8035, converts the stream data sequences
SD1 and SD2 into the vector data VD1. The overlapping
data storage areca 1500 1s an area in which the stream data
sequence SD2, which constitutes the latest overlapping
width 1402, 1s stored. A detailed description thereof 1s given
later. The stream data sequence SD1 in the stream storage
queue () may be generated by the stream program 400 or
another program.

The batch program 600 inputs the vector data VD1 output
by the mput data/stream to vector conversion module 1501,
and outputs vector data VD2 as a processing result thereof.
Then, the output data/vector to stream conversion module
1502 mputs the vector data VD2 output by the batch
program 600, and converts the vector data VD2 1nto a stream
data sequence SD3. The stream data sequence SD3 output
by the output data/vector to stream conversion module 1502
1s stored 1n the stream storage queue Q. Then, the stream
data sequence SD3 in the stream storage queue (Q may be
input to the stream program 400 or another program.

FIG. 16 1s an explanatory diagram {for illustrating an
example of the overlapping data storage areca 1500. In the
overlapping data storage area 1500, the stream data over-
lapping between next vector data and previous vector data
input and used by the batch program 600 1s stored. In FIG.
16, 1n the overlapping data storage arca 1500, stream data
1601 including a time “0:58” and a measured value “11.0”
and stream data 1602 including a time “0:59” and a mea-
sured value “14.0” are stored. The mput data/stream to
vector conversion module 1501 1nputs the stream data held
in the overlapping data storage arca 1500, and generates the
vector data.

<Processing Procedure by Batch Program Input/Output
Setting Static Determination Module 332>

FIG. 17 1s a flowchart for illustrating a processing pro-
cedure example by the batch program input/output setting
static determination module 332. The first static determina-
tion module 804 first reads the program configuration 801,
the platform requirement 802, and the batch execution
specification 803 specified by the user (S1701). Then, the
first static determination module 804 sets the overlapping
width 1402 as “window width-slide data count™ to the batch
program input/output setting 805 (51702).

On this occasion, a period until the head data of the stream
storage queue Q for storing the stream data to be mput to the
batch program 600 1s processed by the batch program 600 1s
referred to as “waiting period”, and a period of the execution
of the processing by the batch program 600 1s referred to as
“execution period”. The first static determination module
804 can satisly the required response time 1001 when the
waiting period+the execution period 1s equal to or less than
the response time 1001.
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The waiting period 1s “number of pieces of data in the
stream storage queue Q (hereinaiter referred to as “number
of queue data”)/input rate”, and the execution period 1is
“number of queue data/processing throughput”. Thus,
“number of queue data/mput rate+number of queue data/
processing throughput” needs to be equal to or less than the
response time. The number of pieces of processable data of
the stream storage queue Q (hereinafter referred to as
“number of processable data”) 1s the maximum number of
queue data satisiying “number of queue data/input rate+
number of queue data/processing throughput response
time”.

Therefore, the number of processable data 1s [response
timexprocessing throughputxinput rate/ (processing
throughput+input rate)] (Step S1703). It should be noted that
| ] 1s the Gauss symbol.

When the number of processable data 1s equal to or more
than the window width 901 (Yes 1n S1704), the first static
determination module 804 sets the mput data size 1401 as
the number of processable data to the batch program input/
output setting 8035 (Step S17035). As a result, while the
requirement of the response time 1001 1s satisfied, the input
data si1ze 1401 can be maximized. On the other hand, when
the number of processable data 1s less than the window
width 901 (No 1n Step S1704), the batch program 600 cannot
process the vector data VD including elements less than the
window width 901, and hence the first static determination
module 804 sets the mput data size 1401 to the window
width 901, and sets the calculated 1input data size 1401 and
overlapping width 1402 to the batch program input/output
setting 805 (51706).

For example, when the window width 901 i1s 4 and the
slide data count 902 i1s 2 as illustrated in FIG. 9, when the
response time 1001 1s 16 seconds as 1llustrated in FIG. 10,
and when the input rate 1101 1s 1/second and the processing
throughput 1102 1s 1/second as illustrated in FIG. 11, the
number of processable data 1s 16[second]x1[per second]x1
[per second]/(1[per second]+1[per second])=8. Thus, the
window width 901 1s 4, and the number of processable data
1s thus more than the window width 901, and the input data
size 1401 becomes the number of processable data, 8.
Moreover, the overlapping width 1402 1s “window width
901-slide data count 902”=4-2=2. In this way, the batch
program nput/output setting 805 illustrated in FIG. 14 1s
generated.

<Processing Procedure by Batch Execution Monitoring
Module 1201>

FIG. 18 1s a flowchart for illustrating a processing pro-
cedure example by the batch execution monitoring module
1201. The batch execution monitoring module 1201
acquires the current number of pieces of data 1n the stream
storage queue Q for storing the stream data to be input to the
batch program 600, and sets the batch execution monitoring,
value 1202 to the number of pieces of data to be processed
1301 (S1801). Then, the batch execution monitoring module
1201 extracts the processing throughput 1102 from a log of
the stream processing platform 321, and sets the extracted
processing throughput 1102 to the processing throughput
1102 of the batch execution momitoring value 1202 (S1802).
Then, when the stream processing platform 321 i1s not

finished (No 1n Step S1803), the batch execution monitoring
module 1201 returns to Step S1801, and when the stream
plattorm 321 1s finmished (Yes i Step S1803), the batch

execution monitoring module 1201 finishes the processing.
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<Processing Procedure by First Dynamic Determination
Module 1203>

FIG. 19 1s a flowchart for illustrating a processing pro-
cedure example by the first dynamic determination module
1203. The first dynamic determination module 1203 first
reads the program configuration 801 and the platform
requirement 802 (S1901). Then, the first dynamic determi-
nation module 1203 sets the overlapping width 1402 as
“window width 901-slide data count” to the batch program
input/output setting 805 (51902).

Then, the first dynamic determination module 1203 waits
for the input of the stream data to be processed to the stream
storage queue QQ (No 1n Step S1903). When the stream data
to be processed exists in the stream storage queue Q (Yes 1n
Step S1903), the first dynamic determination module 1203
reads the batch execution monitoring value 1202 (51904).
Then, the first dynamic determination module 1203 sets,
based on the response time 1001, the processing throughput
1102, the current time, and the earliest time of the data i1n the
stream storage queue (), the maximum number of pieces of
stream data (hereinafter “number of processable data™)
satisiying the response time 1001 to “processing through-
putx(response time-(current time-earliest time of data to be
processed))” (S1903).

Then, when the number of processable data 1s equal to or
less than the window width 901 (Yes in Step S1906), the
batch program 600 cannot process the vector data VD
having elements less than the window width 901, the first
dynamic determination module 1203 sets the input data size
1401 to the window width 901, and sets the window width
to the batch program 1mnput/output setting 805 (51907). Then,
the first dynamic determination module 1203 transitions to
Step S1911.

On the other hand, when the number of processable data
1s more than the window width 901 (No 1n Step S1906), the
first dynamic determination module 1203 determines
whether the number of processable data 1s equal to or less
than the number of pieces of data to be processed 1301+
overlapping width 1402 (Step S1908). When the number of
processable data 1s equal to or less than the number of pieces
of data to be processed+overlapping width (Yes in Step
S1908), the first dynamic determination module 1203 sets
the input data size 1401, as the number of processable data,
to the batch program 1nput/output setting 805 (S1909). Then,
the first dynamic determination module 1203 transitions to
Step S1911.

When the number of processable data 1s not equal to or
less than the number of pieces of data to be processed+
overlapping width (No 1 Step S1908), the first dynamic
determination module 1203 sets the iput data size 1401, as
“the number of processable data+overlapping width 14027,
to the batch program input/output setting 805 (51910). Then,
the first dynamic determination module 1203 transitions to
Step S1911.

In Step S1911, the first dynamic determination module
1203 determines whether the stream processing platform
321 1s finished or not (Step S1911), and when the stream
processing platform 321 1s not finished (No m Step S1911),
returns to Step S1903. On the other hand, when the stream
processing platform 321 i1s finished (Yes 1n Step S1911), the
processing by the first dynamic determination module 1203

1s finished.

<Processing Procedure by Input Data/Stream to Vector
Conversion Module 1501

FIG. 20 1s a flowchart for illustrating a processing pro-
cedure by the mput data/stream to vector conversion module
1501. The input data/stream to vector conversion module
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1501 reads the batch program input/output setting (S2001).
Then, the mput data/stream to vector conversion module
1501 determines whether or not pieces of stream data equal
to or more than a number acquired by subtracting the
overlapping width 1402 from the mnput data size 1401 exist
in the stream storage queue Q (Step S2002).

When pieces of stream data equal to or more than the
number acquired by subtracting the overlapping width 1402
from the input data size 1401 do not exist (No 1n Step
S52002), the mput data/stream to vector conversion module
1501 returns to Step S2001, and waits until the stream data
1s accumulated. When pieces of stream data equal to or more
than the number acquired by subtracting the overlapping
width 1402 from the mput data size 1401 exist (Yes 1n Step
52002), the input data/stream to vector conversion module
1501 acquires pieces of stream data as many as the number
acquired by subtracting the overlapping width 1402 from the
input data size 1401 from the stream storage queue
(S2003).

Then, the 1input data/stream to vector conversion module
1501 acquires the stream data from the overlapping data
storage area 1500 (52004). The input data/stream to vector
conversion module 1501 converts the stream data acquired
from the stream storage queue Q and the overlapping data
storage area 1500 to vector data VD (S2005), and uses the
vector data VD as input thereby to invoke the batch program
600 (S2006). Then, the input data/stream to vector conver-
sion module 1501 stores pieces of stream data later in time
as many as the overlapping width 1402 out of the stream
data acquired from the stream storage queue QQ and the
overlapping data storage arca 1500 in the overlapping data
storage area 1500 (S2007).

Then, the 1nput data/stream to vector conversion module
1501 determines whether the stream processing platiorm
321 1s finished or not (Step S2008), and when the stream
processing platform 321 1s not finished (No 1n Step S2008),
returns to Step S2002. On the other hand, when the stream
processing platform 321 1s finished (Yes in Step S2008), the
processing by the input data/stream to vector conversion
module 1501 1s finished.

<Conversion Example from Stream Data to Vector Data
VD>

FIG. 21 1s an explanatory diagram for illustrating a
conversion example from stream data to vector data VD. A
description 1s given of FIG. 21 referring to the step numbers
in FIG. 20. In Step S2001, the mput data/stream to vector
conversion module 1501 reads the batch program input/
output setting 805 in which the input data size 1401 1s 8 and
the overlapping width 1402 1s 2.

In Step S2002, the mput data/stream to vector conversion
module 1501 determines whether or not pieces of stream
data equal to or more than the number acquired by subtract-
ing the overlapping width 1402 from the input data size 1401
exist 1n the stream storage queue Q. The number acquired by
subtracting the overlapping width 1402 (2) from the input
data size 1401 (8) 1s 8-2=6. 14 pieces of stream data 500 to
513 from a time 1:00 to a time 1:13 are stored 1n in the
stream storage queue ), and the piece of stream data equal
to more than the number (6) acquired by subtracting the
overlapping width 1402 (2) from the mnput data size 1401 (8)
are thus stored.

Thus, 1n Step S2003, the mput data/stream to vector
conversion module 1501 acquires the five pieces of stream
data 501 to 505 from the time 1:00 to the time 1:05 from the
stream storage queue Q.

Moreover, 1 Step S2004, the mput data/stream to vector
conversion module 1501 acquires the pieces of stream data
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1601 and 1602 at the time 0:38 and the time 0:59 from the
overlapping data storage area 1500. Then, 1n Step S2005, the
111put data/stream to vector conversion module 1501 convers
the pieces of stream data 1601 and 1602 at the time 0:58 and
the time 0:39 and the six pieces of stream data 501 to 505
from the time 1:00 to the time 1:05 1nto vector data VD1
including elements 700 to 707 indicated by indices O to 7.

Moreover, 1n Step S2007, the mnput data/stream to vector
conversion module 1501 selects two pieces of stream data
corresponding to the overlapping width 1402 later in time
out of the eight pieces of the acquired stream data from the
time 0:59 to the time 1:03. In this case, two pieces of stream
data at the time 1:04 and the time 1:05 are selected.

Then, the input data/stream to vector conversion module
1501 stores, by overwriting, the two pieces of stream data at
the time 1:04 and the time 1:05 in the overlapping data
storage arca 1500. As a result, in the overlapping data
storage area 1500, 1n place of the stream data corresponding
to the time 0.38 and the time 0:59, the pieces of stream data
corresponding to the time 1:04 and the time 1:05 are stored.
Thus, when the stream data 1s newly acquired 1n Step S2003,
in Step S2004, the pieces of stream data at the time 1:04 and
the time 1:05 are acquired from the overlapping data storage
arca 1500.

<Processing Procedure by Output Data/Vector to Stream
Conversion Module 1502>

FIG. 22 1s a flowchart for illustrating a processing pro-
cedure example by the output data/vector to stream conver-
sion module 1502. The output data/vector to stream conver-
sion module 1502 acquires the vector data VD output by the
batch program 600 (S2201). Then, the output data/vector to
stream conversion module 1502 sequentially acquires the
clements from the vector data VD, and adds the time to the
acquired element to generate the stream data (Step 52202).

Then, the output data/vector to stream conversion module
1502 stores the generated stream data 1n the stream storage
queue Q 1n the order of the time (82203). Then, the output
data/vector to stream conversion module 1502 determines
whether or not the stream processing platform 321 1s fin-
1shed (Step S2204), and when the stream processing plat-
form 321 1s not fintshed (No 1n Step S2204), the processing
procedure returns to Step S2201. On the other hand, when
the stream processing platform 321 1s finished (Yes 1n Step
52204), the processing by the output data/vector to stream
conversion module 1502 1s finished.

<Conversion Example from Vector Data VD into Stream
Data>

FIG. 23 1s an explanatory diagram for illustrating a
conversion example from vector data VD into stream data.
A description 1s given of FIG. 23 referring to the step
numbers in FI1G. 22. In Step S2201, the output data/vector to
stream conversion module 1502 acquires vector data VD2
including elements indicated by indices O to 2.

Then, 1n Step S2202 and Step S2203, the output data/
vector to stream conversion module 1502 generates pieces
of stream data 2311, 2313, and 2315 at times 1:01, 1:03, and
1:05 correspondmg to the clements, and stores the stream
data in the stream storage queue Q As a result, the subse-
quent stream program 400 can acquire the stream data 2311,
2313, and 2315 stored 1n the stream storage queue Q to carry
out the stream processing.

In this way, according to the first embodiment, overlap-
ping between the pieces of vector data avoids the calculation
execution nability and maintains the semantics of the batch
program. Thus, without changing a code and an algorithm of
the batch program, the batch program 600 can be executed
on the stream processing platform 321. Moreover, the data
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s1ze of the vector data VD 1s determined so that only the
pieces of data corresponding to the overlapping width 1402
overlap. This suppresses the generation of vector data VD
exceeding the overlapping width 1402 and reduces a pro-
cessing load.

Moreover, aiter the execution of the batch program 600 on
the stream processing platiorm 321, the stream data group,
which 1s the execution result, 1s collectively converted into
the vector data, and hence the vector data can be provided
as the mput data to the subsequent stream data to be
executed on the stream processing platform 321. Conse-
quently, efliciency of the stream processing can be increased
on the stream processing platform 321.

(Second Embodiment)

A description 1s now given of a second embodiment of
this invention. The second embodiment 1s an example in
which the stream program 400 1s executed on the batch
processing platform. It should be noted that like components
are denoted by like numerals as 1n the first embodiment, and
a description thereof 1s therefore omitted.

FIG. 24 and FIG. 25 are explanatory diagrams for illus-
trating examples 1n which a stream program SP 1s executed
on the batch processing platiorm. FIG. 24 1s a diagram for
illustrating an execution example in a case 1 which pieces
of data do not overlap. In FIG. 24, the stream program SP
has such a program configuration that the window width 1s
60 and the slide data count 1s 1. It should be noted that the
unit of time 1s, for example, “minute”. Moreover, for
example, the batch processing platform carries out the batch
processing every four hours.

The batch processing platform carries out the vector to
stream conversion 2400 for the batch processing platform
for converting a value of each time 1n a file F into stream
data at each time as a unit. A converted stream data sequence
2401 1s mnput to the stream program SP. The stream program
SP carries out predetermined processing while sliding the
input stream data sequence 2401 by one at a time.

An overlap 1s not provided between the pieces of data, and
hence after the conversion at a time 4:59, when the batch
processing 1s carried out at 8:59, the batch processing
platiorm carries out the vector to stream conversion 2400 so
as to avoid the overlap on the data at the previous time 4:59.
In other words, at the time 8:59, the batch processing
platiorm carries out the vector to stream conversion on the
values at the times from 5:00 to 8:39, to thereby generate the
stream data sequence 2402.

On this occasion, the stream data at the time 5:00 1s the
head data 1n the vector to stream conversion at the time 8:59.
Thus, when the stream data at the time 5:00 1s mput to the
stream program SP, 59 pieces of stream data from the time
4:01 to the time 4:59 are not available, and the stream
program SP cannot carry out the predetermined processing,
for the stream data at the time 5:00. Thus, when the stream
program SP processes the stream data at the time 5:00, 59
pieces of stream data immediately before need to be pro-
vided, or a calculation state of the stream data at the time
4:59 needs to be held.

FIG. 25 1s a diagram {for 1llustrating an execution example
of a case 1n which the overlap 1s provided between the pieces
of data. The program configuration of the stream program
SP 1s the same as that of FIG. 24. Moreover, the platform
requirement for the stream program SP 1s 480 minutes.

The batch processing platform determines the overlap-
ping width or the necessity of the calculation state holding,
based on the program configuration and the platform
requirement. The batch processing plattorm selects which of
the overlapping width and the calculation state holding 1s to
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be applied, based on a comparison between calculation
processing amounts thereof. When the overlapping width 1s
applied, the batch processing platform uses the vector to
stream conversion 2400 to covert data including data cor-
responding to the overlapping width into stream data.

For the case of the time 8:59, the wvector to stream
conversion 2400 in FIG. 24 generates the stream data
sequence 2402 for the times 5:00 to 8:59, but the vector to
stream conversion 2400 in FIG. 25 generates a stream data
sequence 2501 for times 4:01 to 8:00 including the stream
data corresponding to the overlapping width corresponding
to the 59 pieces of data immediately before the time 5:00. It
should be noted that stream data for the times 8:01 to 8:59,
which has not been generated, 1s generated at the next timing
of the batch processing.

Moreover, when the calculation state holding 1s applied,
the calculation state of the stream program SP at the time
4:59 1s held. Moreover, the vector to stream conversion 2400
generates stream data 2502 for the time 5:00 to the time 8:59
as 1 FIG. 24 at the time 8:59, and outputs the stream data
2502 to the stream program SP. The stream program SP uses
the calculation state of the stream program SP at the time
4:59 and the stream data sequence 2502 for the time 5:00 to
the time 8:39 to carry out the predetermined processing.

Pieces of the stream data substantially overlap by using
the execution result of the stream processing at the previous
batch processing 1n this way. This avoids the mnability of the
calculation as 1n the example of FIG. 24 and maintains the
semantics of the stream program 400.

<System Configuration Example>

FIG. 26 1s a system configuration diagram for illustrating
an example of a batch processing system. A batch processing
system 2600 has such a configuration that a client 301, a data
source 302, and a batch processing server 2603 are com-
municably coupled to one another over a network 304. The
network 304 may be the Ethernet (trademark), a LAN, or a
WAN. Moreover, the client 301, the data source 302, and the
batch processing server 2603 may be arbitrary computers
such as PCs and blade computer systems.

The client 301 1s a computer for carrying out registration
processing for the batch processing server 2603. The regis-
tration processing 1s described in detail later.

The data source 302 1s a supply source for supplying a
series ol time-series data to be processed to the batch
processing server 2603, and examples of the data source 302
include the above-mentioned factory plant and server.

The batch processing server 2603 1s a computer 1n which
an I/0 mterface 2613, a CPU 2611, a memory 2612, and a
storage 2614 are coupled to one another via a bus 26135. The
batch processing server 2603 makes access to the network
304 via the I/O interface 2613. Moreover, the batch pro-
cessing server 2603 can store a processing result, an inter-
mediate result of processing, and setting data required for a
system operation 1n the nonvolatile storage 2614. The stor-
age 2614 1s directly coupled via the I/0O intertace 2613, but
may be coupled via the I/O mterface 2613 and the network
304 outside the batch processing server 2603.

A batch processing platform 2621 1s mapped to the
memory 2612. The batch processing platform 2621 1s
middleware to which modules for general stream processing
are mapped. The modules for general stream processing are
at least one stream program such as a start/stop module and
a scheduling module 1n a batch program group 334. More-
over, the following modules are mapped to the batch pro-
cessing platform 2621. Specifically, the modules include a
stream program 1nput/output setting static determination
module 2632, a stream program input/output setting
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dynamic determination module 2633, and a stream program
execution module 2635 including a stream program group
331, which 1s at least one stream program.

<Stream Program Input/Output Setting Static Determina-
tion Module 2632>

FIG. 27 1s an explanatory diagram for illustrating an
input/output relationship of the stream program input/output
setting static determination module 2632 1llustrated in FIG.
26. The stream program mput/output setting static determi-
nation module 2632 1s a program executed by the CPU 2611
on the batch processing platform 2621, and determines a
static input/output setting of the stream program 400. The
stream program 1nput/output setting static determination
module 2632 includes a second static determination module

2702,

The second static determination module 2702 receives
registration information such as a program configuration
801, a platform requirement 802, and a stream execution
specification 2701 from the client 301. Then, the second
static determination module 2702 determines a static input
data size, overlapping width, and necessity of calculation
state holding of the stream program 400. The calculation
state holding 1s to hold the calculation state, which 1s an
execution result of the stream program 400 executed on the
batch processing platform 2621. The determined input data
s1ze and overlapping width are output as a stream program
input/output setting 2703.

<Stream Execution Specification 2701>

FIG. 28 1s an explanatory diagram for illustrating an
example of the stream execution specification 2701. The
stream execution specification 2701 1s information defining
an execution method of the stream processing. Examples of
the parameters include an mmput rate 2801, a processing
throughput 2802, and a calculation state holding/reading
period 2803, and the parameters are specified by the user
operating the client 301. The input rate 2801 represents an
interval of an arrival of the element of vector data VD 1nput
to the stream program 400.

In FIG. 28, the mput rate 2801 i1s 1/minute, which
represents that one element of the vector data VD arrives per
minute. Moreover, the processing throughput 2802 1s the
number of pieces of stream data processed by the stream
program 400 per umit time. In FIG. 28, the processing
throughput 2802 1s 1/minute, which represents that the
stream program 400 can process one value per minute. The
calculation state holding/reading period 2803 represents a
period required for holding and reading the calculation state.
In FIG. 28, the calculation state holding/reading period 2803
1s 5 minutes, which represents that the holding and reading
of the calculation state takes 5 minutes.

<Stream Program Input/Output Setting Dynamic Deter-
mination Module 2633>

FIG. 29 1s an explanatory diagram for illustrating an
input/output relationship of the stream program input/output
setting dynamic determination module 2633 illustrated 1n
FIG. 26. The stream program input/output dynamic deter-
mination module 2633 1s a program executed by the CPU
2611 on the batch processing platform 2621, and determines
dynamic input/output setting for the stream program 400.
The stream program input/output setting dynamic determi-
nation module 2633 includes a stream execution monitoring,
module 2901 and a second dynamic determination module
2903.

The stream execution monitoring module 2901 monitors
the running stream program 400, and generates a stream
execution monitoring value 2902. The stream execution
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monitoring value 2902 1s an observed value 1n the running
batch program 600. The stream execution monitoring value

2902 1s described later.

The second dynamic determination module 2903 receives
the program configuration 801 illustrated 1n FIG. 9, and the
platform requirement 802 and the stream execution moni-
toring value 2902 illustrated 1n FIG. 10 from the client 301.
Then, the second dynamic determination module 2903
determines a dynamic mnput data size, overlapping width,
and necessity of the calculation state of the stream program
400. The determined 1mnput data size 1401 and overlapping
width 1402 are output as stream program input/output
setting 2703. The mnput data size and the overlapping width
are described later.

<Stream Execution Monitoring Value 2902>

FIG. 30 1s an explanatory diagram {for illustrating an
example of the stream execution monitoring value 2902. The
stream execution monitoring value 2902 includes, as param-
cters, the number of pieces of data to be processed 3001, a
processing throughput 3002, and a calculation state holding/
reading period 3003, and 1s output by the stream execution
monitoring module 2901. The number of pieces of data to be
processed 3001 1s the number of elements of vector data VD
input to the stream program 400. The number of elements 1s
stored, for example, 1n a file.

In FIG. 30, the number of pieces of data to be processed
3001 1s 240, which represents that the number of elements
of the vector data VD 1s 240 1n the file. Moreover, the
processing throughput 3002 represents the number of pieces
of the stream data processed by the stream program 400 per
unit time. The calculation state holding/reading period 3003
represents a period required for holding and reading the
calculation state.

<Stream Program Input/Output Setting 2703>

FIG. 31 1s an explanatory diagram {for illustrating an
example of the stream program input/output setting 2703
illustrated 1 FIG. 27 and FIG. 29. The stream program
input/output setting 2703 1s information defining data to be
input and output to and from the stream program 400.
Examples of the parameters include an input data size 3101,
an overlapping width 3102, and a calculation state holding
necessity 3103, and the parameters are specified by the user
operating the client 301. The 1mnput data size 3101 1s the size
of the stream data mput to the stream program 400.

For example, the mput data size 3101 1illustrated 1n FIG.
31 1s 240, and hence the stream program 400 inputs 240
pieces of stream data. Moreover, the overlapping width 3102
represents the number of overlapping pieces of stream data
between the stream data input to the stream program 400 and
the stream data input to the stream program 400 1n the
previous execution. In FIG. 31, the overlapping width 3102
1s 3, which represents that three pieces of stream data
overlap the stream data input to the stream program 400 1n
the previous execution. Moreover, the calculation state hold-
ing necessity 3103 represents whether or not the calculation
state of the stream program 400 1s held. In FIG. 31, the
calculation state holding necessity 3103 1s set to “unneces-
sary”’, and hence the calculation state 1s not held.

<Stream Program Execution Module 2635>

FIG. 32 1s an explanatory diagram {for illustrating an
input/output relationship of the stream program execution
module 2635 illustrated in FIG. 26. The stream program
execution module 26335 includes an iput data/vector to
stream conversion module 3201, an output data/stream to
vector conversion module 3202, a calculation state reading
module 3203, and a calculation state holding module 3204.
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The mput data/vector to stream conversion module 3201,
the calculation state reading module 3203, and the calcula-
tion state holding module 3204 mput the stream program
input/output setting 2703. The stream program input/output
setting 2703 may be generated by the second static deter-
mination module 2702 or the second dynamic determination
module 2903, or may be manually created by the user.

When the stream program 400 starts the execution, the
calculation state reading module 3203 reads a calculation
state 3211 stored 1n the calculation state storage area 3210,
and 1puts the calculation state 3211 to the stream program
400 1n accordance with the stream program input/output
setting 2703. When the execution of the stream program 400
1s finished, the calculation state holding module 3204 inputs
the calculation state 3211 to the stream program 400 in
accordance with the stream program input/output setting
2703.

The mput data/vector to stream conversion module 3201
iputs vector data VD3 1n a file F1, which 1s an output of the
batch program BP1, and converts the vector data VD3 1nto
stream data in accordance with the stream program input/
output setting 2703. The vector data VD3 1nput by the mput
data/vector to stream conversion module 3201 may be stored
in a file, a database, or another storage area. Moreover, the
batch program 600 may store the vector data VD3 1n the file
F1 or another storage area, or another program may store the
vector data VD3.

The stream program 400 inputs the stream data output by
the mnput data/vector to stream conversion module 3201, and
outputs stream data as a processing result thereof. Then, the
output data/stream to vector conversion module 3202 inputs
stream data SD4 output by the stream program 400, and
converts the stream data SD4 into vector data VD4. The
vector data VD4 output by the output data/stream to vector
conversion module 3202 1s stored 1n a file F2, a database, or
another storage area. The vector data VD4 stored 1n the file
F2 or another storage area may be mnput to the batch program
600 or another program.

<Overlapping Data Time>

FIG. 33 1s an explanatory diagram for illustrating an
example of the overlapping data time illustrated 1n FIG. 32.
The overlapping data time OT represents the time of stream
data, which 1s out of the stream data mput to the stream
program 400 and overlaps the stream data input to the stream
program 400 in the previous execution. In FIG. 33, the
overlapping data time OT 1s “0:57 to 0:59”, and pieces of
stream data at the times “0:57” to “0:59” are thus used as the
input both in the current execution and the previous execu-
tion of the stream program 400. The overlapping data time
OT 1s set by the mput data/vector to stream conversion
module 3201, and 1s used by the output data/stream to vector
conversion module 3202.

<Operator [ree>

FIG. 34 1s an explanatory diagram for illustrating an
example of an operator tree. An operator tree 3400 1is
generated by compiling the stream program 400 described 1n
the CQL. The stream processing platform 321 carries out
respective operators 3401 to 3404 constructing the operator
tree 3400 1n a sequence specified by the operator tree 3400.
The operator tree 3400 1llustrated 1n FIG. 34 1s an operator
tree 3400 generated as a result of compiling the noise
removal query 403 and the abnormal sensor query 404
illustrated 1n FI1G. 4. For example, the operator tree 3400 1s

constructed by ROWS 3401, GROUP BY 3402, ISTREAM
3403, and ISTREAM 3404, and 1s carried out in a sequence
of ROWS 3401, GROUP BY 3402, ISTREAM 3403, and
ISTREAM 3404.
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<Calculation State Storage Area 3210>

FIG. 35 i1s an explanatory diagram for illustrating an
example of the calculation state storage area 3210 1llustrated
in FIG. 32. In the calculation state storage area 3210, the
calculation state 3211 1s stored. The calculation state 3211
represents states used for calculations for the respective
operators 3401 to 3404. For example, the calculation state
for the ROWS 3401 1s a window for holding the latest four
pieces ol stream data, and thus stores four pieces of stream
data. Moreover, the calculation state 3211 for the operator
GROUP BY 3402 stores an average of the latest four
measured values.

<Processing Procedure by Second Static Determination
Module 2702>

FIG. 36 1s a flowchart for illustrating a processing pro-
cedure example by the second static determination module
2702. The second static determination module 2702 first
reads the program configuration 801, the platform require-
ment 802, and a stream execution specification 2701 (Step
S53601).

Then, the second static determination module 2702 deter-
mines whether or not “(window width-slide data count)/
processing throughput” 1s more than the calculation state
holding/reading period 2803 (Step S3602). When “(window
width-slide data count)/processing throughput” 1s more than
the calculation state holding/reading period 2803 (Yes in
Step S3602), the second static determination module 2702
sets the calculation state holding necessity 3103 to “neces-
sary’’ 1n the stream program input/output setting 2703 (Step
S3603), and sets the overlapping width 3102 to 0 1n the
stream program input/output setting 2703 (Step S3604).
Then, the processing procedure transitions to Step S3607.

On the other hand, when “(window width-slide data
count)/processing throughput” 1s equal to or less than the
calculation state holding/reading period 2803 (No 1n Step
S53602), the second static determination module 2702 sets
the calculation state holding necessity 3103 to “unneces-
sary”’ 1n the stream program input/output setting (Step
S3605), and sets the overlapping width 3102 to “window
width-slide data count™ in the stream program input/output
setting 2703 (Step S3606). Then, the processing procedure
transitions to Step S3607.

On this occasion, 1n the vector data VD to be processed,
a period until the execution of the stream program 400 is
referred to as “waiting period”, and an execution period of
the stream program 400 is referred to as “execution period”.
When the waiting period+the execution period 1s equal to or
less than the response time 1001, the processing can be
carried out 1n the required response time 1001. The waiting
period 1s “size of the vector data VD to be processed
(heremafiter referred to as “vector size”)/input rate”, and the
execution period 1s “vector size/processing throughput™.

Therefore, “vector size/input rate+vector size/processing
throughput™ needs to be equal to or less than the response
time 1001. Thus, a processable data size of the vector data
VD (hereimafter referred to as “number of processable data™)
1s the maximum vector size satisiying “vector size/input
rate+vector size/processing throughput response time”. As a
result, the vector size 1s [response timexprocessing through-
putxinput rate/(processing throughput+input rate)] ([ | 1s the
Gauss symbol).

Thus, the second static determination module 2702 sets
the input data size 3101 as [response timexprocessing
throuhputxinput rate/(processing throughput+input rate)] to
the stream program input/output setting 2703 (Step S3607).
As aresult, the processing by the second static determination
module 2702 1s finished.
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<Processing Procedure by Stream Execution Monitoring
Module 2901>

FIG. 37 1s a flowchart for illustrating a processing pro-
cedure example by the stream execution monitoring module
2901. The stream execution monitoring module 2901 refers
to a file storing stream data to be input to the stream program
400, and sets the stream execution monitoring value 2902 to
the number of pieces of data to be processed 3001 (Step
S3701).

Then, the stream execution monitoring module 2901
extracts the processing throughput from a log of the batch
processing platform 2621, and sets the extracted processing,
throughput to the processing throughput 3002 of the stream
execution monitoring value 2902 (Step S3702). Then, when
the batch processing platform 2621 1s not finished (No in
Step S3703), the batch execution monitoring module 1201
returns to Step S3701, and when the batch processing
platform 2621 1s finished (Yes i Step S3703), finishes the
processing.

<Processing Procedure by Second Dynamic Determina-
tion Module 2903>

FIG. 38 1s a flowchart for illustrating a processing pro-
cedure example by the second dynamic determination mod-
ule 2903. The second dynamic determination module 2903
first reads the program configuration 801 and the platform
requirement 802 (Step S3801). Then, the second dynamic
determination module 2903 determines whether or not the
clements of the vector data VD to be processed exist in the
file (Step S3802). When the vector data VD to be processed
exists 1n the file (Yes 1n Step S3802), the second dynamic
determination module 2903 reads the stream execution
monitoring value 2902 (Step S3803).

Then, the second dynamic determination module 2903
determines whether or not *“(window width-slide data
count)/processing throughput” 1s more than the calculation
state holding/reading period 3003 (Step S3804). When
“(window width-slide data count)/processing throughput™ 1s
more than the calculation state holding/reading period 3003
(Yes 1 Step S3804), the second dynamic determination
module 2903 sets the calculation state holding necessity
3103 to “necessary” 1n the stream program input/output
setting 2703 (Step S3805), and sets the overlapping width
3102 to O 1n the stream program input/output setting 2703
(Step S3806). Then, the processing procedure transitions to
Step S3809.

On the other hand, when *“(window width-slide data
count)/processing throughput” 1s equal to or less than the
calculation state holding/reading period 3003 (No 1n Step
S3804), the second dynamic determination module 2903
sets the calculation state holding necessity 3103 to “unnec-
essary”’ 1n the stream program input/output setting 2703
(Step S3807), and sets the overlapping width 3102 to
“window width-slide data count”™ in the stream program
input/output setting 2703 (Step S3808). Then, the processing
procedure transitions to Step S3809.

On this occasion, in the vector data VD to be processed,
a period until the execution of the stream program 400 is
referred to as “waiting period”, and an execution period of
the stream program 400 1s referred to as “execution period”.
When the waiting period+the execution period 1s equal to or
less than the response time 1001, the processing can be
carried out 1n the required response time 1001. The waiting
period 1s “size of the vector data VD to be processed
(heremaftter referred to as “vector size”)/input rate”, and the
execution period 1s “vector size/processing throughput™.

Theretfore, “vector size/input rate+vector size/processing,
throughput” needs to be equal to or less than the response
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time 1001. Thus, a processable data size of the vector data
VD (hereimafter referred to as “number of processable data™)
1s the maximum vector size satistying “vector size/input
rate+vector size/processing throughput response time”. As a
result, the vector size 1s [response timexprocessing through-
putxinput rate/(processing throughput+input rate)] ([ | 1s the
Gauss symbol).

Thus, the second dynamic determination module 2903
sets the input data size 3101 as [response timexprocessing,
throuhputxinput rate/(processing throughput+input rate)] to
the stream program input/output setting 2703 (Step S3809).

Then, the second dynamic determination module 2903
determines whether or not the batch processing platiorm
2621 1s finished (Step S3810), and when the batch process-
ing platform 2621 1s not finished (No 1 Step S3810), returns
to Step S3802. On the other hand, when the batch processing
platform 2621 1s finished (Yes in Step S3810), the process-
ing by the second dynamic determination module 2903 1is

finished.

<Processing Procedure by Input Data/Vector to Stream
Conversion Module 3201>

FIG. 39 1s a flowchart for illustrating a processing pro-
cedure example by the mput data/vector to stream conver-
sion module 3201 illustrated 1n FIG. 32. The mput data/
vector to stream conversion module 3201 first sets the file
read index to “index for last input data +1—overlapping
width” (Step S3901). The last input data 1s an element of the
vector data VD read last from the file.

Then, the mput/data/vector to stream conversion module
3201 sets the time from a time for an element indicated by
the read index for the file to a time for an element corre-
sponding to an index acquired by subtracting 1 from an
index for the last input data, to the overlapping data time OT
(Step S3902).

Then, the mput data/vector to stream conversion module
3201 acquires the element of the vector data VD indicated
by the read index from the file (Step S3903), and adds the
time to the acquired element to generate stream data (Step
S3904). Then, the mput data/vector to stream conversion
module 3201 stores the stream data in the stream storage
queue Q (Step S3905).

Then, the input data/vector to stream conversion module
3201 determines whether or not the number of the acquired
clements 1s smaller than the input data size (Step S3906).
When the number of the acquired elements 1s smaller than
the 1input data size (Yes i Step S3906), the input data/vector
to stream conversion module 3201 adds 1 to the read imndex
(Step S3907), returns to Step S3903, and carries out Step
S3903 to Step S3905.

Then, when the number of pieces of acquired data 1s equal
to or larger than the input data size (No in Step S3906), the
input data/vector to stream conversion module 3201 sets an
clement indicated by an end index in the file to the last input
data (Step S3908), and finishes the processing.

<Conversion Example from Vector Data VD 1into Stream
Data>

FIG. 40 1s an explanatory diagram {for illustrating a
conversion example from vector data VD 1nto stream data.
A description 1s given of FIG. 40 referring to the step
numbers 1 FIG. 39. It should be noted that the last input data
at this time 1s an element (10.0) indicated by the index 1002.

In Step S3901, the input data/vector to stream conversion
module 3201 sets the file read index to “index 1002 for last
input data +1—overlapping width 3=1000".

Moreover, 1n Step 53902, the mnput data/vector to stream
conversion module 3201 sets the time from a time 0:57 for
the element 1indicated by a read index 1000 for the file to a
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time 0:59 for the element indicated by an index 1002 of the
last input data, to the overlapping data time.

Moreover, 1 Step S3903, the mput data/vector to stream
conversion module 3201 acquires the element (10.0) 1ndi-
cated by the read index 1002 from the file, and, in Step
53904, generates stream data to which the time 0:59 for the
element 1s added, and stores the stream data in the stream

storage queue Q.

Then, 1n Step S3906, the mput data/vector to stream
conversion module 3201 determines whether or not the
number of acquired elements (on this stage, one element
indicated by the index 1000) 1s smaller than the mput data
size 240. In this case, the number of acquired elements 1s
smaller than the mput data size 240, and hence the input
data/vector to stream conversion module 3201 changes the
read index from 1000 to 1001. Through repetition of this
loop, data mdicated by indices 1001 to 1239 indicating the
clements of the vector data VD can be sequentially acquired,
and the pieces of stream data 4011 to 40135 at the time 0:57
to the time 4:359 can be stored in the stream storage queue Q)
501.

<Processing Procedure by Output Data/Stream to Vector
Conversion Module 3202>

FIG. 41 1s a flowchart for illustrating a processing pro-
cedure example by the output data/stream to vector conver-
sion module 3202 illustrated 1n FIG. 32. The output data/
stream to vector conversion module 3202 sequentially
acquires stream data from the stream storage queue
(S4101). Then, the output data/stream to vector conversion
module 3202 determines whether or not the time of the
acquired stream data matches the overlapping data time OT
(Step S4102).

When the time of the stream data matches the overlapping
data time OT (Yes 1n Step S4102), the processing procedure
transitions to Step S4104. When the time of the stream data
does not match the overlapping data time OT (No in Step
S54102), the output data/stream to vector conversion module
3202 stores the acquired stream data 1n the file (Step S4103),
and the processing procedure transitions to Step S4104.

In Step S4104, the output data/stream to vector conver-
sion module 3202 determines whether or not the batch
processing platform 2621 1s finished (Step S4104), and
when the batch processing platform 2621 1s not finished (No
in Step S4104), returns to Step S4101. On the other hand,
when the batch processing platform 2621 1s finished (Yes in
Step S4104), the processing by the output data/stream to
vector conversion module 3202 i1s finished.

<Conversion Example from Stream Data into Vector Data
VD>

FIG. 42 1s an explanatory diagram for illustrating a
conversion example from stream data into vector data VD.
A description 1s given of FIG. 42 referring to the step
numbers 1 FIG. 41. In Step S4101, the output data/stream
to vector conversion module 3202 sequentially acquires
pieces of stream data 4201 to 4204 from the stream storage
queue Q.

In Step S4102, the output data/stream to vector conver-
sion module 3202 determines whether or not the time of
cach piece of the acquired stream data matches the overlap-
ping data time OT. In this case, the stream data 4201 at the
time 0:58 matches, and the stream data 4202 after the time
1:02 does not match. Therefore, 1n Step S4103, the output
data/stream to vector conversion module 3202 stores the
pieces of stream data 4202 to 4204 after the time 1:02 that
do not match the overlapping data time OT in the file F2. As
a result, the pieces of stream data overlapping the time of the
previous stream data do not undergo the vector conversion,
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and are thus not output. As a result, the batch program 600
on the subsequent stage can refer to the file to carry out the
batch processing.

<Processing Procedure by Calculation State Reading
Module 3203>

FIG. 43 1s a flowchart for illustrating a processing pro-
cedure by the calculation state reading module 3203 1llus-
trated 1 FI1G. 32. First, the calculation state reading module
3203 sequentially refers to the operators constructing the
operator tree 3400 (Step S4301), extracts the calculation
state 3211 of the referred operator from the calculation state
storage area 3210, and writes the calculation state 3211 1n
the stream program 400 (Step S4302). Then, the calculation
state reading module 3203 determines whether or not all the
operators in the operator tree 3400 have been referred to
(Step S4303). When all the operators have not been referred
to (No 1n Step S4303), the processing procedure returns to
Step S4301. On the other hand, when all the operators have
been referred to (Yes in Step S4303), the processing by the
calculation state reading module 3203 i1s finished.

<Processing Procedure by Calculation State Holding
Module 3204>

FIG. 44 1s a flowchart for illustrating a processing pro-
cedure by the calculation state holding module 3204 1llus-
trated 1 FI1G. 32. First, the calculation state holding module
3204 sequentially refers to the operators constructing the
operator tree 3400 (Step S4401), extracts the calculation
state 3211 of the referred operator from the stream program
400, and holds the calculation state 3211 in the calculation
state storage arca 3210 (Step S4402). Then, the calculation
state holding module 3204 determines whether or not all the
operators 1n the operator tree 3400 have been referred to
(Step S4403). When all the operators have not been referred
to (No 1n Step S4403), the processing procedure returns to
Step S4401. On the other hand, when all the operators have
been referred to (Yes in Step S4403), the processing by the
calculation state holding module 3204 1s finished.

In this manner, according to the second embodiment,
pieces of stream data substantially overlap by using the
execution result of the stream processing at the previous
batch processing. This avoids the state of the calculation
execution iability and maintains the semantics of the
stream program.

As described above, according to the embodiments of this
invention, a batch program that requires an overlap between
pieces of iput data can be executed on the stream process-
ing platform. Moreover, the processing throughput can be
increased by increasing the mput data size for the batch
program and carrying out the processing for the data in the
collected manner. Moreover, a stream program that requires
an overlap between pieces of input data can be executed on
the batch processing platiorm.

In other words, a program for one of batch processing and
stream processing 1s executed on a processing platiorm for
the other 1n a manner that an overlap 1s provided between
pieces of time series data, to thereby execute the other
processing. As a result, without changing a code or an
algorithm of the program for one of the batch processing and
the stream processing executed on the processing platform
for the other, the program for the one processing can be
executed on the processing platiorm for the other. Thus, an
existing program can be used on a processing platform
different 1 the type of processing, and can be executed
casily and efhliciently.

This mvention has been described 1n detail so far with
reference to the accompanying drawings, but this invention
1s not limited to those specific configurations described




US 9,921,869 B2
27 28

above, and includes various changes and equivalent com- ing control program, the time-series first stream data
ponents within the gist of the scope of claims appended. group and the time-series second stream data group,
What 1s claimed 1s: which are processing results of the stream processing

1. A data processing apparatus, comprising; carried out by controlling the stream program,

a processor; and d wherein, in the first generation procedure, the processor 1s

a memory for storing a stream program for carrying out configured to generate, by the stream processing con-
stream processing, a batch program for carrying out trol program, the first vector data for the time-series

batch processmgjiand a stream processing control pro- first stream data group output by the output procedure,
gram for controlling the stream program, and
the processor being configured to carry out: 10 . :

. . wherein, 1 the second generation procedure, the proces-

a lirst generation procedure of generating, by the . .
. : . sor 15 configured to generate, by the stream processing,

stream processing control program, for a time-series .

control program, the second vector data for the time-

first stream data group of stream data out of a ,
time-series stream data sequence, first vector data series second stream data group output by the output
procedure.

including elements acquired by collecting respective 15 _ _ _
4. The data processing apparatus according to claim 1,

pieces of stream data of the time-series first stream e _ _
wherein, 1n the first generation procedure, the processor 1s

data group;
a second generation procedure of generating, by the configured to generate, by the stream processing con-
trol program, based on the input data size and the

stream processing control program, for a time-series
second stream data group including, as a head, a 20 overlapping width set by the setting procedure, the first

piece of mtermediate stream data of the time-series
first stream data group 1n the time-series stream data
sequence and having the same number of pieces of
data as the time-series first stream data group, second

vector data for the time-series first stream data group
output by the output procedure, and

wherein, 1n the second generation procedure, the proces-

sor 15 configured to generate, by the stream processing,

vector data including elements acquired by collect- 25
ing respective pieces ol stream data of the time-
series second stream data group; and

control program, based on the input data size and the
overlapping width set by the setting procedure, the
second vector data for the time-series second stream
a control procedure of inputting, by the stream pro- data group output by the output procedure.
cessing control program, the first vector data and the 5. The data processing apparatus according to claim 4,
second vector data generated respectively by the first 30 wherein, 1n the setting procedure, the processor 1s configured
generation procedure and the second generation pro- to set, by the stream processing control program, the input
cedure to the batch program to control the batch data size based on a response time, which 1s a time from an
program to carry out the batch processing, input of each piece of stream data of the time-series stream
wherein the processor 1s further configured to carry out data sequence to a completion of the batch processing 1n the
a setting procedure of setting, by the stream process- 35 batch program, an input rate, which 1s an interval of the input
ing control program, a number of elements to be of the each piece of stream data to the batch program, and
included 1n the first vector data and the second vector a processing throughput, which 1s a number of elements of
data, which 1s the same as a number of pieces of data vector data processed by the batch program per unit time.
existing 1n the time-series first stream data group and 6. The data processing apparatus according to claim 4,
the time-series second stream data group, as aninput 40  wherein the processor 1s further configured to carry out:
data size, and setting an overlapping number of the an acquisition procedure of acquiring a number of
clements between the first vector data and the second pieces of data to be processed, which 1s a number of

vector data, which 1s the same as an overlapping
number of pieces of stream data between the time-

pieces of stream data stored in a queue out of the
time-series stream data sequence, and by the stream

series first stream data group and the time-series 45 processing control program, a processing through-
second stream data group, as an overlapping width. put, which 1s a number of elements of vector data
2. The data processing apparatus according to claim 1, currently processed by the batch program per unit
wherein the processor 1s further configured to carry out: time; and
a {irst conversion procedure of converting, by the stream a calculation procedure of calculating, based on the
processing control program, for third vector data, 50 processing throughput acquired by the acquisition
which 1s an execution result of inputting the first vector procedure, an oldest time out of times included 1n the
data to the batch program and carrying out the batch stream data stored 1n the queue, and a response time,
processing by the control procedure, an element group which 1s a time from an input of each piece of stream
of values at respective times included 1n the third vector data of the time-series stream data sequence to a
data into a time-series third stream data group of values 55 completion of the batch processing 1in the batch
corresponding to the times; and program, a number of pieces of stream data that are
second conversion procedure of converting, by the processable by the batch program, and
stream processing control program, for fourth vector wherein, 1n the setting procedure, the processor 1s con-
data, which 1s an execution result of inputting the figured to set the mput data size based on the number
second vector data to the batch program and carrying 60 of pieces of data to be processed acquired by the

out the batch processing by the control procedure, an
clement group of values at respective times 1included 1n
the fourth vector data into a time-series fourth stream

acquisition procedure, the overlapping width, and the
number ol processable stream data calculated by the
calculation procedure.

7. A data processing apparatus, comprising:

a processor; and

a memory for storing a batch program for carrying out
batch processing, a stream program for carrying out

data group of values corresponding to the times.
3. The data processing apparatus according to claim 1, 65
wherein the processor 1s further configured to carry out an
output procedure of outputting, by the stream process-
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stream processing, and a batch processing control pro-

gram for controlling the batch program,

the processor being configured to carry out:

a first generation procedure of generating, by the batch
processing control program, from vector data includ-
ing an element sequence of values at respective
times, a first stream data group, which 1s a time series
acquired by dividing respective elements of a first
clement group 1n the element sequence;

a second generation procedure of generating, by the
batch processing control program, for a time-series
second element group including, as a head, an inter-
mediate element of the first element group in the
clement sequence and having the same number of
clements as the first element group, a second stream
data group, which 1s a time series acquired by
dividing the respective elements of the second ele-
ment group;

a control procedure of iputting, by the batch process-
ing control program, the first stream data group and
the second stream data group generated respectively
by the first generation procedure and the second
generation procedure to the stream program to con-
trol the stream program to carry out the stream
processing; and

a conversion procedure of acquiring, by the batch
processing control program, pieces of stream data of
a third stream data group, which 1s an execution
result of the input of the first stream data group to the
stream program and the execution of the stream
processing by the control procedure, acquiring a
fourth stream data group, which 1s an execution
result of the input of the second stream data group to
the stream program and the execution of the stream
processing by the control procedure, and converting
a stream data group acquired by removing stream
data of the fourth stream data group overlapping the
stream data of the third stream data group from the
fourth stream data group into second vector data,

wherein the processor 1s further configured to carry out,
by the batch processing control program, a setting
procedure of setting an mput data size, which 1s a
number of pieces of stream data to be included 1n the
first stream data group and the second stream data
group, and an overlapping width, which 1s an over-
lapping number of the stream data between the first
stream data group and the second stream data group.

8. The data processing apparatus according to claim 7,
wherein, 1n the first generation procedure, the processor 1s
configured to generate, by the stream processing con-
trol program, based on the mput data size and the
overlapping width set by the setting procedure, the first
stream data group from the first vector data, and
wherein, 1n the second generation procedure, the proces-
sor 1s configured to generate, by the stream processing,
control program, based on the mput data size and the
overlapping width set by the setting procedure, the
second stream data group from the first vector data.
9. A data processing method to be executed by a data

processing apparatus, the data processing apparatus com-
prising: a processor; and a memory for storing a stream
program for carrying out stream processing, a batch program
for carrying out batch processing, and a stream processing
control program for controlling the stream program, the
method comprising:

generating, 1n a first generation procedure, by the proces-
sor using the stream processing control program, for a
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time-series first stream data group of stream data out of
a time-series stream data sequence, first vector data
including elements acquired by collecting respective
pieces of stream data of the time-series first stream data
group,

generating, 1 a second generation procedure, by the
processor using the stream processing control program,
for a time-series second stream data group including, as
a head, a piece of intermediate stream data of the
time-series first stream data group in the time-series
stream data sequence and having the same number of
pieces of data as the time-series first stream data group,
second vector data including elements acquired by
collecting respective pieces of stream data of the time-
series second stream data group;

inputting, 1n a control procedure, by the processor using,
the stream processing control program, the first vector
data and the second vector data generated respectively
by the first generation procedure and the second gen-
eration procedure to the batch program to control the

batch program to carry out the batch processing, and

setting, 1n a setting procedure, by the processor using the
stream processing control program, a number of ele-
ments to be mcluded 1n the first vector data and the
second vector data, which 1s the same as a number of
pieces ol data existing in the time-series first stream
data group and the time-series second stream data
group, as an input data size, and setting an overlapping
number of the elements between the first vector data
and the second vector data, which 1s the same as an
overlapping number of pieces of stream data between
the time-series first stream data group and the time-
series second stream data group, as an overlapping
width.

10. The data processing method according to claim 9,

wherein the processor 1s further configured to carry out:

a first conversion procedure of converting, by the stream
processing control program, for third vector data,
which 1s an execution result of the mput of the first
vector data to the batch program and the execution of
the batch processing by the control procedure, an
clement group of values at respective times included 1n
the third vector data 1into a time-series third stream data
group of values corresponding to the times; and

a second conversion procedure of converting, by the
stream processing control program, for fourth vector
data, which 1s an execution result of the mput of the
second vector data to the batch program and the execu-
tion of the batch processing by the control procedure,
an element group of values at respective times 1ncluded
in the fourth vector data into a time-series fourth stream
data group of values corresponding to the times.

11. The data processing method according to claim 9,

wherein the processor 1s further configured to carry out an
output procedure of outputting, by the stream process-
ing control program, the time-series first stream data
group and the time-series second stream data group,
which are processing results of the stream processing
carried out by controlling the stream program,

wherein, 1n the first generation procedure, the processor 1s
configured to generate, by the stream processing con-
trol program, the first vector data for the time-series
first stream data group output by the output procedure,
and

wherein, 1n the second generation procedure, the proces-
sor 15 configured to generate, by the stream processing,
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control program, the second vector data for the time-
series second stream data group output by the output
procedure.

12. The data processing method according to claim 9,
wherein, in the first generation procedure, the processoris >
configured to generate, by the stream processing con-
trol program, based on the mput data size and the
overlapping width set by the setting procedure, the first

vector data for the time-series first stream data group
output by the output procedure, and

wherein, 1n the second generation procedure, the proces-

sor 1s configured to generate, by the stream processing,
control program, based on the mput data size and the
overlapping width set by the setting procedure, the
second vector data for the time-series second stream
data group output by the output procedure.

13. The data processing method according to claim 12,
wherein, 1n the setting procedure, the processor 1s configured
to set, by the stream processing control program, the input
data size based on a response time, which 1s a time from an
input of each piece of stream data of the time-series stream
data sequence to a completion of the batch processing 1n the
batch program, an 1nput rate, which 1s an interval of the input
of the each piece of stream data to the batch program, and
a processing throughput, which 1s a number of elements of 2>
vector data processed by the batch program per unmit time.
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14. The data processing method according to claim 12,
wherein the processor 1s further configured to carry out:
an acquisition procedure of acquiring a number of

pieces of data to be processed, which 1s a number of
pieces ol stream data stored in a queue out of the
time-series stream data sequence, and by the stream
processing control program, a processing through-
put, which 1s a number of elements of vector data
currently processed by the batch program per unit
time; and

a calculation procedure of calculating, based on the

processing throughput acquired by the acquisition
procedure, an oldest time out of times included 1n the
stream data stored in the queue, and a response time,
which 1s a time from an 1nput of each piece of stream
data of the time-series stream data sequence to a
completion of the batch processing i1n the batch
program, a number of pieces of stream data that are
processable by the batch program, and

wherein, 1n the setting procedure, the processor 1s con-

figured to set the mput data size based on the number

of pieces of data to be processed acquired by t
acquisition procedure, the overlapping width, and t.

1C
1C

number ol processable stream data calculated by t.
calculation procedure.

¥ ¥ # ¥ ¥
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